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FOREWORD 

P r o j e c t  Pathfiriaer is a research and technology program which w i l l  
a l low t h e  Nat ional  Aeronautics and  Space Adminis t ra t ion (NASA) t o  
s t r eng then  t h e  technology base i n  support  of t he  . c i v i l  space pro- 
gram and enable  a broad set  of new space  mis s ions .  Through 
P a t h f i n d e r ,  t h e  NASA O f f i c e  of  Aeronautics and Space Technology 
(OAST) w i l l  develop a v a r i e t y  of high leverage  technologies  t h a t  

w i l l  support  a range of fu tu re  missions inc luding  a r e t u r n  t o  the  
moon t o  b u i l d  an outpost ,  p i l o t e d  missions t o  Mars, and cont inuing 
exp lo ra t ion  of other p l a n e t s .  

NASA's p o t e n t i a l  missions to  t h e  moon and t o  Mars w i l l  r e q u i r e  the 
u s e  of o r b i t i n g  s p a c e c r a f t  w i t h  smaller modules t h a t  w i l l  go t o  
and f r o m  t h e  l u n a r  o r  p l ane ta ry  s u r f a c e .  T h e  c a p a b i l i t y  f o r  au- 
tonomous rendezvous and docking with t h e  o r b i t i n g  element i s  re- 
q u i r e d  for both  manned and unmanned missions.  T h e  Pa th f inde r  Au- 
tonomous Rendezvous and Docking Project  w i l l  develop and v a l i d a t e  
t h e  t echno log ie s  fo r  t h i s  new c a p a b i l i t y .  The p r o j e c t  w i l l  focus  
on t h e  development of sensors  and mechanisms, t r a j e c t o r y  c o n t r o l  
requirements  and techniques for opera t ions  i n  l u n a r  and p l ane ta ry  
o r b i t s ,  and associated guidance, nav iga t ion ,  and c o n t r o l  algo- 
r i t h m s .  P ro to type  hardware and software w i l l  be developed and 
demonstrated i n  test beds, f l a t - f l o o r  fac i l i t i es ,  and i n  f l i g h t .  

For a d d i t i o n a l  information on t h e  Autonomous Rendezvous and Dock- 
i n g  P r o j e c t  or t h i s  document, p l e a s e  c a l l  t h e  OAST Information 
Sciences and Human Fac tors  Dioisior? [RC) I a t  e x t .  2743. 
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1 . 1  Objectives o f  th i s  Document 

T h i s  document i s  t h e  Autonomous Rendezvous and Docking Project  
Plan. T h i s  document w i l l  provide top-level ,  a u t h o r i t a t i v e  guidance 
and information on t h e  scope, content,  and long-range p lans  of t h e  
Autonomous Rendezvous and Docking P r o j e c t .  The  o b j e c t i v e s  of t h i s  
document are complementary t o  the  Pa thf inder  Program Plan and pro- 
vide t h e  detailed p r o j e c t  p lan  for  t h i s  element of t he  Pa thf inder  
Program. The document de f ines  t he  work breakdown s t r u c t u r e ,  t h e  
t e c h n i c a l  g o a l s  and o b j e c t i v e s  of t h i s  program element and i t s  
c o n s t i t u e n t  work packages,  t h e  management approach, i n c l u d i n g  
s t r u c t u r e ,  p a r t i c i p a t i n g  centers and i n d i v i d u a l  r o l e s  and 
r e s p o n s i b i l i t i e s ,  and a c c o u n t a b i l i t y ,  resource a l l o c a t i o n s ,  and 
a s s o c i a t e d  schedules,  milestones,  and deliverables, and long-range 
Autonomous Rendezvous and Docking P ro jec t  planning. 

1 . 2  Pathf ind8r Program O l l 8 r v i o w  

T h e  Pa th f inde r  Program is a National Aeronautics and Space Admin- 
i s t r a t i o n  (NASA) i n i t i a t i v e  t o  develop c r i t i c a l  capabi l i t ies  f o r  
t h e  f u t u r e  of t h e  c i v i l  space program. Pa th f inde r  does not ,  i n  it- 
self ,  r ep resen t  a commitment t o  any p a r t i c u l a r  mission.  However, 
through Pa thf inder ,  t he  NASA Off ice  of Aeronautics and Space Tech- 
nology (OAST) w i l l  develop a v a r i e t y  of high-leverage technologies  
t ha t  can be a p p l i e d  i n  a w i d e  range of p o t e n t i a l  f u t u r e  NASA m i s -  
s i o n s .  Project  P a t h f i n d e r  i s  o rgan ized  i n t o  f o u r  programmatic 
t h r u s t s :  

(1) Explorat ion 
(2 )  Operations 
(3 )  Humans-in-Space 
( 4 )  Transfer  Vehicles. 

T h e  Autonomous Rendezvous and Docking Project  (ARCD) is one of 
f ive  projects  under t h e  Operat ions t h r u s t .  More in fo rma t ion  on 
Pa th f inde r  can be found i n  the Pa thf inder  Program Plan. 

1 .3  Hi88iOn S t U d i . 8  -d T8chnology R 8 q d r - 8 a t 8  

The P a t h f i n d e r  Program focuses  on t h e  capabi l i t ies  r e q u i r e d  f o r  
both manned and unmanned missions t o  t h e  Moon and Mars. Most of 
the  mission s c e n a r i o s  r e q u i r e  t h e  use of o r b i t i n g  spacecraft w i t h  
smaller modules t h a t  will go t o  and from t h e  l u n a r  o r  p l a n e t a r y  
s u r f a c e .  Rendezvous and docking o p e r a t i o n s  a re  r e q u i r e d .  Au- 
tonomous rendezvous and docking are enabl ing  technologies  fo r  un- 
manned missions,  where the  s i g n a l  delays prec lude  t e l e o p e r a t i o n s  . 
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s t i l l  be required because of t h e  l i m i t a t i o n s  of ground t r a c k i n g  i n  
a Mars orbi t  and the  communication t i m e  de l ays  between t h e  Ear th  
and Mars o rb i t .  

The implementation of autonomous rendezvous and docking r e q u i r e s  
t h e  development of several c r i t i ca l  technologies:  (1) senso r s  f o r  
long- and short-range navigat ion;  ( 2 )  guidance, nav iga t ion ,  and 
c o n t r o l  (GNCC) algorithms and t r a j e c t o r y  c o n t r o l  t echn iques  f o r  
rendezvous and docking of manned and unmanned veh ic l e s  i n  lunar  or 
p l a n e t a r y  o rb i t s ;  and ( 3 )  docking mechanisms which are unique t o  
the  Mars environment and accommodate long-periods of dormancy. 

Measurements of re la t ive pos i t i on ,  v e l o c i t y ,  a t t i t u d e ,  and a t t i -  
tude  r a t e s  are c r i t i ca l  t o  rendezvous and docking ope ra t ions .  The 
onboard rendezvous senso r s  on  t h e  S h u t t l e  ( s ta r  t racker ,  r e n -  
dezvous radar) are inaccura t e  w i t h  r espec t  t o  performance expecta- 
t i o n s  fo r  planned unmanned s y s t e m s ,  and r e q u i r e  e x t e n s i v e  crew 
monitoring. By design, t h e y  a r e  inadequate f o r  ranges less than  90 
feet .  S h u t t l e  rendezvous s y s t e m s  were designed w i t h  manned opera- 
t i o n s  and t y p i c a l  S h u t t l e  missions i n  mind, hence t h e i r  unsu i t -  
a b i l i t y  t o  Pa thf inder  goa ls  and objectives. The radars being con- 
sidered for  the  O r b i t a l  Maneuvering Vehic le  w i l l  a l so  be inef fec-  
t i v e  a t  very close ranges.  The Global Pos i t i on ing  System (GPS) can 
provide  relative nav iga t ion  i n  l o w  E a r t h  o rb i t ,  bu t  i t s  per for -  
mance and space application m u s t  be proven. GPS w i l l  no t  be ad- 
equate  for  close-range maneuvering and docking. N o  s u i t a b l e  long- 
range radars are available which m e e t  t h e  p o w e r ,  weight, and per- 
formance requirements of t he  Mars Rover/Sample Return Mission. 

- -  

The ARCD Program w i l l  develop senso r s  f o r  short-  and long-range 
naviga t ion ,  w i t h  t h e  goal of meeting the  t o t a l  set of naviga t ion  
requirements  w i t h  a minimum s u i t e  of senso r s .  Emphasis w i l l  be 
p l a c e d  on maximum a p p l i c a b i l i t y  of these s e n s o r  t e c h n o l o g i e s  
ac ross  t he  span of Pa thf inder  missions. The ARCD Program w i l l  make 
maximum use  of c u r r e n t  technology developments. As an  example, a 
pro to type  laser docking sensor  is being developed fo r  a f l i g h t  ex- 
periment on a S h u t t l e  f l i g h t ,  which could  suppor t  t e r m i n a l  ren- 
dezvous, s t a t i o n  keeping, approach, and docking. This  s enso r  can 
provide naviga t ion  measurements from zero  t o  three m i l e s .  Fu r the r  
work i s  needed t o  enhance the a p p l i c a b i l i t y  of t h i s  s enso r  t o  t h e  
P a t h f i n d e r  Program. Its effective o p e r a t i n g  range must be ex- 
tended, while  minimizing i t s  power, weight, and volume. Other can- 
didate senso r s  such as m i l l i m e t e r  radar and v i s i o n  senso r s  r e q u i r e  
f u r t h e r  eva lua t ion  and development. 

For t h e  P a t h f i n d e r  Program, it is  a n t i c i p a t e d  tha t  a near-term 
ARCD demonstration can be accomplished by modifying or expanding 
t h e  c a p a b i l i t i e s  of e x i s t i n g  or emerging sensor  technologies .  How- 
ever, an  advanced s e n s o r  such as a v i s i o n  s e n s o r  w i l l  r e q u i r e  
longer  development t i m e  t o  a t t a i n  s u f f i c i e n t  ma tu r i ty  for  a demon- 
s t r a t i o n .  Such advanced sensors  w i l l  be targeted for  a far-term 
ARCD demonstration. 
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1.6 Technical Approach 

For candidate  Pa thf inder  mission scena r ios  and corresponding vehl- 
c le  conf igura t rons ,  coordinated systems-level rendezvous and dock- 
i n g  requirements w i l l  be defined. Performance requirements of t h e  
AR&D hardware and software w i l l  be established. 

Hardware and sof tware technologies  t o  m e e t  these requirements w i l l  
be iden t i f i ed  and cu r ren t  technologies  w i l l  be assessed f o r  app l i -  
c a b i l i t y .  A R C D  c a p a b i l i t i e s  w i l l  be segregated i n t o  near- and  f a r -  
t e r m  programs, based upon readiness  levels of r equ i r ed  technolo- 
gies and s p e c i f i c  Pa thf inder  mission p lans .  

Maximum synergism between near and far-tern programs w i l l  be i m -  
plemented, w i t h  major d i f f e rences  expected i n  t h e  technologies  of 
t h e  r e l a t i v e  nav iga t ion  sensors .  Trajectory c o n t r o l  requirements 
and techniques f o r  ARLD w i l l  be def ined  and candida te  GNhC designs 
w i l l  be developed t o  implement these ARhD c a p a b i l i t i e s .  S i x  and 
twelve degree-of-freedom simulat ions w i l l  be used f o r  performance, 
d i s p e r s i o n  and s e n s i t i v i t y  analyses  and t r a d e  s t u d i e s  of t he  i n -  
t e g r a t e d  des igns .  

R e s u l t s  of these eva lua t ions  w i l l  be used t o  establish t h e  speci- 
f i c a t i o n s  fo r  p r o t o t y p e  senso r s .  P r o t o t y p e  sensors and hard- 
ware/software emulat ions w i l l  be developed and inco rpora t ed  i n t o  
t e s t  bed proof-of-concept demonstrations.  R e s u l t s  of s y n e r g i s t i c  
technology and advanced development programs, such as t h e  laser 
docking senso r  f l i g h t  experiment, w i l l  be inco rpora t ed  i n t o  the 
program. F l a t - f l o o r  f ac i l i t i e s  w i l l  be used for  ground demonstra- 
t i o n s  of the  f i n a l  docking operat ions.  

F igure  1.2 d e p i c t s  t h e  progression from requirements  d e f i n i t i o n ,  
t o  development of system l e v e l  performance requirements,  p re l imi -  
nary development, and f i n a l l y  t o  ground based tests t h a t  comprise 
Pa th f inde r  ARbD development. The f i g u r e  shows t h e  interdependency 
of t h e  v a r i o u s  tasks as w e l l  as t h e  role of program planning  i n  
coord ina t ing  t h e  execut ion of these t a s k s .  

1-5 
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2 . 2  Managamant Plan 

2 . 2 . 1  Bhnrgrmrrrt Structuro 

Figure  2.2 shows a Lead C e n t e r  management p l a n  s t r u c t u r e  for  the  
P a t h f i n d e r  ARcD p r o j e c t .  Advantages of t h i s  type of management 
s t r u c t u r e  for t h e  Pa thf inder  ARLD Project inc lude  clear i d e n t i f i -  
c a t i o n  of a c c o u n t a b i l i t y  for  p r o j e c t  d e f i n i t i o n ,  implementation 
and deliverables, s i n g l e  p o i n t  of i n t e r f a c e  between NASA headquar- 
ters and t h e  Lead Center  and f l e x i b i l i t y  t o  dynamically a d j u s t  
t a sk  assignments and resource a l l o c a t i o n s  i n  a t i m e l y  manner. 

The overall  Pa th f inde r  ARcD project w i l l  be managed by a Program 
Manager i n  Code RC. A n  i n t e r c e n t e r  working group i n c l u d i n g  J S C ,  
MSFC, JPL,  AMES, LaRC w i l l  make recommendations t o  Code RC regard- 
i n g  AR&D d e f i n i t i o n  and planning and w i l l  f u n c t i o n  as a s t e e r i n g  
committee t o  review any appea ls  t o  assignments  of tasks or re- 
sources  t o  t h e  NASA c e n t e r s .  

J S C ,  as the  Lead Center, w i l l  provide t e c h n i c a l  coord ina t ion ,  re- 
po r t ing ,  schedul ing  and progress  a g a i n s t  mi les tones  and will rec- 
ommend resource  a l l o c a t i o n s  and t a s k  assignments t o  Code RC. Pa r -  

2-1 
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~ ~~ ~ 

Augu8t ........... Report p rogress  f o r  t h e  cu r ren t  f i s c a l  
y e a r  and p r o j e c t  focus f o r  succeeding 
f i s c a l  years. 

January .......... Support of submi t ta l  of NASA budqets t o  . 
Consress. 

March ............ Support of PAS0 p repa ra t ions .  

June ............. Support of RTOP c a l l  process. L 

2.2.3 Program Planning 

The AR&D P r o j e c t  Plan i s  an i n i t i a l  f i v e  yea r  ' p l a n ,  d r  
coope ra t ive ly  l5-y- t h e  Lead Center w i t h  t h e  P a r t i c i p a t i n g  Ce. 
T h i s  document w i l l  e s t a b l i s h  program con ten t ,  t a s k  assignmt 
resource  a l l o c a t i o n  and milestones.  Formal reviews of tasks by . 
NASA centers w i t h  Code RC w i l l  provide a mechanism t o  modify ti. 
program p lan  a s  r equ i r ed  and  t o  p r o j e c t  t h e  focus of long range 
t a s k s .  

2.2.4 Program Roporting 

P a t h f i n d e r  e lements  w i l l  be- managed under e x i s t i n g  Research and 
Technology Object ives  and P lans  (RTOP) gu ide l ines .  Pa thf inder  AR&D 
r e p o r t i n g  s t r a t e g y  w i l l  u s e  RTOP r e p o r t s  a s  t h e  b a s i s  f o r  a s ses s -  
ment b y  Code RC. A s t a t u s  repor t  i s  prepared i n  t h e  January t i m e -  
frame t o  support  submission of NASA budgets t o  congress ,  i n  t he  
June timeframe t o  support  t h e  RTOP c a l l  p rocess  and i n  the  August 
timeframe t o  document progress  for the  c u r r e n t  f i s c a l  year  and re- 
view requirements f o r  t h e  succeeding f i s c a l  year .  

Pa th f inde r  ARtD P r o j e c t  w i l l  r epor t  s t a t u s  a g a i n s t  the  AR&D P r o -  
ject Plan i n  accordance w i t h  the following table: 

I I 

T a b l e  2.1 - Pathfinder ARLD Project Reporting plan. 

T o  t h e  e x t e n t  poss ib l e ,  standard RTOP repor t ing  requirements w i l l  
be used t o  s a t i s f y  management v i s i b i l i t y  f o r  t h e  Pa thf inder  ARtD 
Project . 

2-3 
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2 . 4 . 2  Technical Approach 

T h e  o b j e c t i v e s - o f  t h i s  work package a r e  achieved by t h e  per- 
formance of s e v e r a l  t a s k s  including: (1) Program Planning Support, 
( 2 )  Systems and Mission Analyses, ( 3 )  Tra jec to ry  Control Analyses, 
and ( 4 )  Guidance, Navigation and Control  (GNCC)  Sys t em In t eg ra -  
t ion .  

T h e  Autonomous Rendezvous and Docking (ARhD) P r o j e c t  Plan i s  main- 
t a i n e d  on a yea r ly  b a s i s  t o  provide management overview and coor- 
d i n a t i o n ,  and i n t e g r a t i o n  w i t h  t he  Pa thf inder  Program p lan  t o  en- 
s u r e  con t inu ing  compliance. Technical i n t e rchazges  and workshops 
a r e  conducted t o  provide i n t e r c e n t e r ,  i n d u s t r y  and academia par- 
t i c i p a t i o n  i n  da t a  interchange on t h e  a s s o c i a t e d  technology devel- 
opments and assessments of op t ions .  Technical and programmatic re- 
p o r t i n g  a r e  provided t o  ensure management i n s i g h t  i n t o  t h e  s t a t u s  
of t h e  ARhD Program. 

Under t h i s  t a s k ,  systems-level s tud ies  a r e  performed t o  provide 
d i r e c t i o n  and focus t o  the  d e t a i l e d  technology development s t u d -  
ies.  These systems-level  s t u d i e s  inc lude  t h e  d e f i n i t i o n  of ARhD 
s y s t e m s  requirements,  coordinated w i t h  Pa th f inde r  Program miss ion  
requi rements .  The corresponding technology requirements  w i l l  be 
def ined  and c o r r e l a t e d  t o  s p e c i f i c  Pa th f inde r  mission s c e n a r i o s .  
The v a r i o u s  op t ions  t o  meet t h e  technology requirements  w i l l  be 
a s ses sed  t o  select the  most app l i cab le  and achievable  candida tes .  
The c a p a b i l i t i e s  f o r  near-term. and far-term demonstrations w i l l  be 
d e f i n e d ,  based on the  mission requi rements  and p r o j e c t i o n s  of 
t e c k m l o g y  development schedules. 

ARhD t echnology components w i l l  be i n t e g r a t e d  i n  h i g h - f i d e l i t y  
guidance,  nav iga t ion ,  and c o n t r o l  ( G N L C )  s i m u l a t i o n s  t o  e n s u r e  
t h a t  t h e  ind iv idua l  technologies  m e l d  i n t o  a v i a b l e  and e f f e c t i v e  
sys t em design.  These s imulat ions w i l l  a l s o  be used t o  compare var- 
i o u s  technology opt ions .  

When the  ARhD t echnologies  mature t o  p ro to type  development, t h i s  
work package w i l l  establish t h e  requirements for  proof of concept 
demonstrat ions.  For ground demonstrations,  t h e  tes t  p l a n s  and  fa -  
c i l i t y  usage p l a n s  w i l l  be developed and coord ina ted .  For f l i g h t  
demonstrat ions,  sponsoring o rgan iza t ions  w i l l  be sought and sup- 
p o r t  for the manifest ing process provided. 
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I n  t h e  ear ly  phase of t h e  AR&D P r o j e c t ,  a number of op t ions  w i l l  
be pursued i n  p a r a l l e l  f o r  concept development and eva lua t ion  of a 
broad spectrum of app l i cab le  technologies .  Under t h i s  t a s k ,  these 
opt ions  w i l l  be-evaluated and compared aga ins t  s p e c i f i c  Pa thf inder  
Program mission requirements.  Trade s t u d i e s  r e s u l t s  w i l l  be evalu- 
a t e d  t o  select among competing opt ions f o r  f u r t h e r  development. 

As t h e  ARCD t echno log ie s  mature t o  p ro to type  development, t h i s  
t a s k  w i l l  suppor t  t h e  development of d e t a i l e d  p l a n s  f o r  ground 
demonst ra t ions  for proof-of-concepts.  T h e  s p e c i f i c  f a c i l i t i e s ,  
test p l ans ,  and t es t  procedures f o r  these ground demonstrat ions 
w i l l  be def ined.  Requirements and schedules for these test f a c i l i -  
t ies  w i l l  be def ined  and coordinated w i t h  t h e  f a c i l i t y  ope ra to r s .  

T h e  o p p o r t u n i t y  f o r  f l i g h t  demonstrat ions f o r  proof of concept 
w i l l  be a s ses sed  under t h i s  t a sk .  

.- 

Trajectory Control Analyses 

For t h e  Pa th f inde r  Program, t r a j e c t o r y  c o n t r o l  r e q u i r e m e n t s  w i l l  
d i f f e r  from c u r r e n t  ea r th -o rb i t ,  manned vehicle ope ra t ions  i n  t h a t  
many of the c o n s t r a i n t s  such as l i g h t i n g ,  ground t r a c k i n g  cover- 
age,  and  p e r i o d i c  space-to-ground communications are n o t  ap- 
p l i c a b l e .  In s t ead ,  t r a j e c t o r i e s  must  be designed t o  maximize t h e  
r e l i a b i l i t y  of rendezvous and docking i n  l u n a r  and p l a n e t a r y  or- 
b i t s .  

T h i s  t a s k  d e f i n e s ,  from an opera t iona l  viewpoint,  t he  f u n c t i o n a l  
requirements  f o r  automated rendezvous, proximity ope ra t ions ,  and 
docking. Trade s tud ie s  a r e  performed t o  a s s e s s  op t ions  and bene- 
f i t s  a s s o c i a t e d  w i t h  the  operat ions of a mixed f leet  of manned and 
unmanned v e h i c l e s .  D e t a i l e d  t r a j e c t o r y  c o n t r o l  performance re- 
quirements w i l l  be defined and a p lan  f o r  ground/onboard software 
p a r t i t i o n i n g  w i l l  be recommended. 

Guidance, Navigation m d  Control Syatom Intagration 

T h i s  t a s k  w i l l  e v a l u a t e  proposed ARCD suppor t ing  t echno log ie s  f o r  
compliance wi th  t h e  i n t e g r a t e d  system f u n c t i o n a l  requirements  de- 
veloped under t h i s  work package. T h i s  eva lua t ion  w i l l  r e l y  heav i ly  
on h igh  f i d e l i t y  s imula t ions  of a s p e c t s  of o p e r a t i o n s  of v e h i c l e s  
i n  earth,  luna r ,  and p l ane ta ry  orbits and t r a j e c t o r i e s .  S i x  de- 
grees-of-freedom ( 6  DOF) s i m u l a t i o n s  w i l l  s u p p o r t  performance 
ana lyses  for  a p a r t i c u l a r  v e h i c l e ' s  GNCC system. As an example, 
such s imula t ions  would be used t o  compare performance f o r  va r ious  
guidance opt ions .  

A 12 DOF methodology w i l l  be used t o  i n t e g r a t e  mul t iveh ic l e  i n t e r -  
a c t i o n s  i n c l u d i n g  r e l a t i v e  motion, o r b i t a l  mechanics effe-zts, 
plume impingement, contingency ope ra t ions ,  etc. Such s imula t ions  
w i l l  be used t o  v a l i d a t e  t h e  performances of i n t e g r a t e d  GNCC sys- 
t e m s  a g a i n s t  t h e  miss ion  and  s y s t e m  requirements .  They w i l l  a lso 
support  t r a d e  s t u d i e s  f o r  performance budget al locations among the  
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~ 

FY 89 

2 . 4 . 5  M i l e s t o n e ~ / D e l i v e r a b l e ~  

F Y  90 

A 
Near-Term 

The milestones and deliverables for this work package are summa- 
rized in table -2 :3. Workshops/technical interchanges will be con- 
ducted at the end of the third quarter of each fiscal year. The 
focus of the FY ' 8 9  workshop will be the status of development of 
GNCC algorithm options and trade studies of candidate sensors. 
The FY '90 workshop will focus on technology status of artificial 
intelligence for ARCD and technologies for sensors and mechanisms 
for a near-term ARcD demonstration. The FY '91 workshop will re- 
port on progress of the near-term technologies, initial plans for 
ground and flight demonstrations, and the identification and 
progress of technologies for a far-term ARCD demonstration. The 
FY '92 workshop will report ion results of ground proof of concept 
demonstrations of the near-term capabilities and progress of de- 
velopment of the far-term ARCD technologies. The FY '93 workshop 
will focus on the plans and results of the near-term flight demon- 
stration and the status of the far-term ARCD technologies. 

F Y  92 FY 93 FY 91 

Far-Term 

Near-Term 

A 
Near-Term 

A 
Near-Term 

I ARCD FLIGHT DEMONSTRATIONS - P U N S  

A 
Far-Term 

A 
far -Term 

A 

Table 2.3 - Pathfinder ARcD Systems Integration milestones and deliverables. 

2 . 4 . 6  Resource A l l O C 8 t i O n  

Table 2 . 4  presents the estimated resource allocations for the 
tasks under this work package. 
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Development and re f inemen t  of general  purpose rendezvous 
guidance schemes (i .e Battin-Vaughan-Lambert formulation) . 

During t h e  i n i t T a l  Pa th f inde r  Program e f f o r t ,  ARCD GN&C develop- 
ment w i l l  be directed towards the requirements of t he  Mars Rover 
Sample R e t u r n  mission (MRSR) .  G N & C  a n a l y s i s ,  development, and 
e v a l u a t i o n  w i l l  be phased such t h a t  e a r l y  demonstrat ions of de- 
sired c a p a b i l i t i e s  can be supported.  These demonstrat ions w i l l  
i n i t i a l l y  be ground based experiments,  e v e n t u a l l y  mig ra t ing  t o  
more ambit ious f l i g h t  demonstrations.  By the i r  na tu re ,  t h e  GNCC 
a lgor i thms,  techniques ,  and formulat ions produced under t h e  GNCC 
work package element can be t e s t e d  and eva lua ted  us ing  d i g i t a l  
s imula t ions .  Nonetheless, when the oppor tuni ty  a r i s e s ,  t e s t i n g  i n  
t h e  a c t u a l  environment w i t h -  f l i g h t  type  hardware i n t e r f a c e s  w i l l  
be pursued. 

2 . 5 . 2  Technical Approach 

The b a s i c  approach t o  3XCC technology development i s  t o  proceed 
from a po in t  design f o r  a GNCC system t o  one t h a t  i s  optimized f o r  
and i n t e g r a t e d  w i t h  a candidate mission and v e h i c l e ( s )  . T h e  f irst  
s t e p  i n  t h i s  p rocess  i s  t o  i d e n t i f y  i n t e g r a t e d  GNCC f u n c t i o n a l  
requi rements  f o r  a candida te  mission ( i . e .  MRSR). Proposed ARCD 
GN&C t echno log ie s  w i l l  t h e n  be eva lua ted  i n  terms of compliance 
w i t h  these requirements.  

Major technology cha l lenges  f o r  ARCD are t h e  development of GNCC 
a lgo r i thms  which provide highly reliable rendezvous and approach 
ope ra t ions  without manual con t ro l  o r  crew p a r t i c i p a t i o n .  Current 
GNCC c a p a b i l i t i e s ,  w h i l e  r e l a t i v e l y  mature,  r e q u i r e  a high degree 
of crew p a r t i c i p a t i o n  and a r e  designed t o  m e e t  c o n s t r a i n t s  assoc i -  
a t e d  w i t h  crew and ground i n t e r a c t i o n s .  Furthermore, GNCC capa- 
b i l i t i e s  f o r  automated docking have not  been developed. 

S e v e r a l  GNCC o p t i o n s  have been i d e n t i f i e d  f o r  autonomous ren-  
dezvous, approach,and docking o p e r a t i o n s .  Techn iques  f o r  ren- 
dezvous and approach guidance w i l l  be eva lua ted .  S i m i l a r l y ,  GNCC 
o p t i o n s  f o r  proximity ope ra t ions  and docking w i l l  be eva lua ted .  
For these o p e r a t i o n s , c o o r d i n a t e d ,  s imul t aneous  r o t a t i o n a l  and 
t r a n s l a t i o n a l  c o n t r o l  w i l l  be key t o  e f f i c i e n t  and w e l l  performing 
docking o p e r a t i o n s .  The opt ions  w i l l  be assessed and eva lua ted  
a g a i n s t  des ign  r e f e r e n c e  mission (DRMs) for t h e  P a t h f i n d e r  Pro- 
gram. Major eva lua t ion  cr i ter ia  i n c l u d e  accommodation of candi- 
date s e n s o r  op t ions ,  maximum o p p o r t u n i t i e s  (nominal and cont in-  
gency) t o  complete rendezvous and docking, and r e l i a b i l i t y  of these 
ope ra t ions .  

Another major GNCC design chal lenge i s  mul t iveh ic l e  c o n t r o l .  The 
des ign  must cons ider  j o i n t  c o n t r o l  o p e r a t i o n s  of t h e  chaser and 
t a r g e t  v e h i c l e s  j u s t  p r i o r  t o  docking, damping of docking t r a n -  
s i e n t s  and c o n t r o l  handover following docking, and s t a b i l i z a t i o n  
of t h e  docked conf igura t ion .  
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2 . 5 . 3  Description 

The p r i a a r y  focus of t h e  G N & C  development work package t a s k  i s  t o  
i d e n t i f y  t h e  requirements  fo r  a self conta ined  I autonomous ren -  
dezvous and docking algori thm. Two c l a s s e s  of docking t a r g e t s  have 
been i d e n t i f i e d :  cooperat ive (charac te r ized  as having some type of 
docking a i d  s u c h  as a transponder,  beacon, or r e f l e c t o r  a r r a y ) ,  
and noncooperative (not  equipped w i t h  any docking a i d ) .  Addition- 
a l l y ,  rendezvous targets t h a t  a r e  both a c t i v e  and pass ive  i n  t e r m s  
of maneuvering, a t t i t u d e  cont ro l ,  and powered/unpowered t r a c k i n g  
a ids  w i l l  be addressed. The special GNCC requirements posed by un- 
c o n t r o l l e d  o r  tumbling targets w i l l  be assessed. S p e c i f i c  GN&C re- 
quirements imposed by  each t a r g e t  class w i l l  be de l inea ted ,wi th  an 
o b j e c t i v e  f o r  t h e  GNCC designs t o  accommodate both  t h e  near-term 
sensors  and advanced sensors. 

c- 

T h e  GN&C requirements on r e l a t i v e  bear ing,  range, range rate,  and 
a t t i t u d e  data  w i l l  be assessed a g a i n s t  t h e  performance of candi- 
d a t e  sensors .  In  t h i s  fashion,  performance requirements and capa- 
b i l i t i e s  w i l l  be traded between the  GN&C s u i t e ,  sensors ,  and ef- 
f e c t o r s  and docking mechanisms. A n  example of t h e  i n t e r a c t i o n  of 
requirements between GN&C and effectors/mechanisms is i n  t h e  ro- 
bus tness  of t h e  docking sys tem.  A sophisticated,  h igh ly  a c c u r a t e  
GN&C s y s t e m  would permit  the  use  of a s imple and ve ry  l i m i t e d  
( w i t h  r e spec t  t o  range of operat ion,  impact a t t e n u a t i o n  capac i ty ,  
e tc . )  docking mechanism. Similar ly ,  a h ighly  capable  docking mech- 
anism could toierate  u n c e r t a i n t i e s  i n  t h e  t e rmina l  cond i t ions  of 
t h e  docking sequence t h a t  a l e s s  r e f i n e d  GN&C complement might in- 
t roduce .  T h i s  trade of r e s p o n s i b i l i t i e s  and f u n c t i o n a l  c a p a b i l i -  
t i es  among t h e  var ious  work package elements w i l l  r e s u l t  i n  an in- 
t e g r a t e d  mission system as opposed t o  a loose c o l l e c t i o n  of poin t  
designs.  

T h e  requirements on t ra jectory design and t r a j e c t o r y  c o n t r o l  w i l l  
be eva lua ted  for  the  MRSR mission. For AFUD opera t ions ,  t h e  t rad i -  
t i o n a l  mission design c o n s t r a i n t s  such as l i g h t i n g  and communica- 
t i o n s  and t r a c k i n g  coverage t h a t  c h a r a c t e r i z e  manned ope ra t ions ,  
w i l l  be supplanted by requirements for  r e l i a b i l i t y  and robus tness  
of t h e  automated sequence i n  ear th ,  lunar ,  or Mars orbi t s .  

A r t i f i c i a l  i n t e l l i g e n c e  ( A I )  and e x p e r t  system t echno log ie s  w i l l  
be eva lua ted  for a p p l i c a b i l i t y  t o  GNLC systems for  ARCD. U s e  of A I  
is expected t o  y i e l d  a system t h a t  is capable of a rich v a r i e t y  of 
r e sponses  t o  e x t e r n a l  s t i m u l i  as  opposed t o  a more l i m i t e d  
"canned" set of r o u t i n e s  and procedures.  It i s  expected t h a t  the  
MRSR mission ope ra t ions  conducted i n  Mars o rb i t  w i l l  r e l y  t o  some 
e x t e n t  on A I  due to the  requirement f o r  robus t  autonomous opera- 
t i o n s  because of t h e  p roh ib i t i ve  l i g h t  t r a v e l  t i m e  from earth. ' 
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The milestones and deliverables for the G N C C  work package are 
summarized in fT'gure 2.4. 

1150 1750 2000 1800 

I r f 

GNbC RQMTS ANALYSIS COMPLETE I 1 1 
i 
1 ! A  I I i 

PROXIMITY/DOCKING ALGORITHM 
DE LIVERY 

L 

I I i 

RENDEZVOUS ALGORITHM DELIVERY 1 i ! i - 
I E I I 

12 DOF S I N  LATION CODE DELIVERY I I I 

AI PROTOTYPE COMPLETE i I 
f t I 

I 1 Near Term 1 1 

L I t C 

I I A I  

I I / A I  

COOPERATIVE CONTROL ALGORITHM 
COMPLETE 

FLIGHT EXPERIMENT OBJECTIVES 

War Term 
I 

T)FVFt,ODUThl.P 

Figure 2.4 - AFUD GNCC Milestones and Deliverables. 

2 . 5 . 6  Resource Allocation 

Table 2.5 presents the estimated resource allocations f o r  the 
tasks under this work package. 

GNCC WORK PACMGL 
RESOURCZ ALLOCATION ($IC) 

I FY 89 I FY 90 I FY 91 I FY 92 I FY 93 I 

Table 2.5 - ARLO Estimated resources for GNCC development. 
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ab le ,  s t u d i e s  w i l l  be undertaken t o  determine t h e  range th re sho ld  
a t  which t h e  handover from one sensor t o  another  should occur.  

I t  m u s t  be rec6gnized t h a t  from a s t r i c t l y  t e c h n i c a l  s tandpoin t ,  
there is no s i n g l e  nbes t "  approach t o  t h e  sensor  requirements f o r  
a p a r t i c u l a r  mission. Recognizing t h i s ,  and t h e  importance of cos t  
and schedule  impacts,  t h e  s e l e c t e d  approach is  t o  i d e n t i f y  and 
c h a r a c t e r i z e  candida te  t racking  techniques and hardware implemen- 
t a t i o n s  inc lud ing  any advanced DDT&E and f l i g h t  hardware develop- 
ment t h a t  has been previous ly  accomplished. An assessment w i l l  be 
made of t h e  c a p a b i l i t i e s  and  l i m i t a t i o n s  ( i n c l u d i n g  o p e r a t i n g  
regimes and a b i l i t y  t o  t r a c k  passive,  non-cooperative t a r g e t s  i n  
darkness)  and of t h e  advantages and d isadvantages  of each tech- 
nique. 

Another e a r l y  goal  of t h i s  work package i s  t o  perform and analyze 
t h e  r e s u l t s  of a t r a d e  s tudy  t o  i d e n t i f y  those  sensor technology 
development a r e a s  t h a t  a r e  cos t  e f f e c t i v e ,  improve performance and 
w i l l  reduce development and schedule r i s k s .  These t echno log ie s  
i n c l u d e  o p t i c a l  and r a d i o  frequency t r a c k i n g  and a c t i v e  ve r sus  
pas s ive  d e t e c t i o n .  The  technologies  f o r  laser and r a d i o  frequency 
t r a c k i n g  sensors  a r e  s u f f i c i e n t l y  mature t h a t  t hey  a r e  candida tes  
f o r  a near-term demonstration of AR&D.  These technologies  r e q u i r e  
performance e x t e n s i o n s  and enhancements t o  m e e t  t h e  unique  
Pa th f inde r  requirements.  I n  contrast ,advanced systems such as v i -  
s i o n  s e n s o r s  w i l l  r e q u i r e  longer  t e r m  technology development. 
They o f f e r  t he  p o t e n t i a l  f o r  performance equa l  t o  t h a t  of  t h e  
l a s e r  and r a d i o  frequency sensors,  poss ib ly  with l i t t l e  i f  any re- 
quirements on t h e  t a r g e t  veh ic l e  ( e .g . ,  t r ansponder s  and corner  
r e f l e c t o r s ) .  They a l s o  can support  t h e  i d e n t i f i c a t i o n  and d i s -  
c r imina t ion  among s e v e r a l  t a r g e t s .  

As candidate  sensor  approaches proceed from concept, through simu- 
l a t i o n ,  breadboard, and f i n a l l y  t o  prototype phases, t h e  r e s u l t  of 
each development phase w i l l  be s u b j e c t  t o  tes t  and eva lua t ion  ei-  
ther through d i g i t a l  s imula t ion  or i n  a t es t  bed f a c i l i t y .  The 
sensor  p ro to types  w i l l  be t e s t e d  i n  thermal/vacuum f a c i l i t i e s  and 
inco rpora t ed  i n  demonstrat ions us ing  f l a t - f l o o r  f a c i l i t i e s .  The 
product  of each phase w i l l  be made a v a i l a b l e  t o  o t h e r  A R C D  work 
packages such t h a t  i n t e g r a t e d  s y s t e m  l e v e l  tests can be performed. 

A l ead ing  candida te  sensor  f o r  i n t e rmed ia t e  and s h o r t  range a t t i -  
t ude  and ranging  d a t a  de te rmina t ion  i s  t h e  J S C  developed Laser 
Docking Sensor.  This  sensor is manifested on STS-TBD f o r  a f l i g h t  
demonstration. A high p r i o r i t y  w i l l  be p laced  on enhancing t h e  ef- 
f e c t i v e  range of ope ra t ion  of t h i s  e x i s t i n g  sensor .  Sensor devel-  
opment can be d iv ided  i n t o  two phases, a nea r  t e r m  and a far  t e r m .  
T h e  near  t e r m  e f f o r t  w i l l  concentrate  on improving t h e  performance 
and o p e r a t i n g  regimes of e x i s t i n g  devices  and t echno log ie s .  For 
t h e  long t e r m ,  emphasis w i l l  be p laced  on i d e n t i f i c a t i o n  and ad- 
vanced development of new sensor technologies ,  p a r t i c u l a r l y  where 
such technologies  o f f e r  a s i g n i f i c a n t  i n c r e a s e  i n  c a p a b i l i t y .  As 
might be expected,  some technical approaches span bo th  t h e  near  
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namic load tests.  I n  a l l  cases,  t h e  models and pro to types  w i l l  be 
made a v a i l a b l e  t o  o t h e r  program e l e m e n t s  f o r  i n t e g r a t e d  tests and 
t o t a l  s y s t e m  v e r i f i c a t i o n .  A balance  i s  e s s e n t i a l  between t h e  
c h a r a c t e r i s t i c 5  a n d  c a p a b i l i t i e s  of t h e  mechanisms, s enso r s ,  and 
GNCC s y s t e m  of t h e  MRSR. An aggressive po l i cy  of disseminat ing re- 
quirements and performance data among a l l  Pa thf inder  work packages 
w i l l  support  maintaining t h i s  balance. 

2.6.3 Schedule 

Figure  2,s d e p i c t s  t he  development schedule f o r  ARCD senso r s  and 
mechanisms. Note t h a t  f o r  t h e  a r e a  of sensor  development, a f a r -  
t e r m  e f f o r t  succeeds t h e  i n i t i a l  development phase. T h i s  far- term 
a c t i v i t y  i s  l i k e l y  t o  concentrate  on technologies  t h a t  permit ac- 
q u i r i n g  and t r a c k i n g  pass ive  or otherwise noncooperative t a r g e t s  
a t  long ranges.  

I Sensors h Mechanisms FY 90 

*Perform Sensor technology I trades (Laser, mm-wave Radar, 
Infrared, visual ,  etc.  ) 

*Sensor bread board develop. 

*Spec. generation f o r  
se lected  development approach 

*Sensor system DDTLE 

*Laser Docking Sensor Fl ight  
Demonst rat ion 

*Mechanism technology trade 
(actuation, lubrication, 
s ea l s ,  e t c . )  

*Select mechanism approach 

*Mechanism DDTLE 

*Pathfinder ARdD ground demo 

- 
FY 91 FY 92 I FY 93 

Fa 

m 

Figure 2.5 - ARLD Sensor and Mechanisms development schedule. 

Term 

rn 

A 
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2 . 7  Five Y e a r  Planning Summary 

- -  
2.7.1 Fiscal Year 1989 Schedule 

T h e  focus of t h e  FY ' 89  ARCD a c t i v i t i e s  w i l l  be t o :  

* e s t a b l i s h  AR&D technology requirements, which are cor- 
r e l a t e d  t o  t h e  Pathf inder  mission requirements 

*de f ine  pre l iminary  requirements for  t r a j e c t o r y  c o n t r o l  
and GN&C systems 

* i n i t i a t e  development of GNCC a lgori thm opt ions  

*assess t h e  requirements and b e n e f i t s  of a r t i f i c i a l  in -  
t e l l i g e n c e  t o  support  AR&D 

*perform sensor  t r a d e  s t u d i e s  

* i n i t i a t e  basic research i n  mechanism technologies ,  cor- 
re la ted t o  t h e  unique requirements for Pa th f inde r  m i s -  
s i o n s .  

T h e  schedule for FY '89 is  provided i n  f i g u r e  2 . 7 .  
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I ACTIVITIES 
Rqmts/design Integration 

GNhC Development 

Simulations/Intg. fac. 

Test Bed/Flat-floor Fac. 

Sensors Development 

Mechanisms Development 

Technology Demo 

4 -  

, 

FY 89 I FY 90 1 FY 91 I FY 92 1 FY 931 

I 6 I ’ . le I I 

DEL I VE RABLE S 
1 - TECHNOLOGY REQUIREXENTS DEFINED 
2 - NEAR-TERM MISSION RZQUIREMENTS/SCENARIO DEFINED 
3 - NEAR-TERM GROUND DEMONSTRATION TEST PLAN PUBLISHED 
4 - NEAR-TERM FLIGHT DEMONSTRATION TEST PLAN PUBLISHED 
5 - FAR-TERM MISSION REQUIREMENTS/SCENARIO DEFINED 
6 - NEAR-TERM GNCC POINT DESIGNS VERIFIED 
7 - NEAR-TERM INTEGRATED GNCC PROGRAMS VERIFIED 
8 - NEAR-TERM GNCC PROGRAMS INSTALLED IN FLAT-FLOOR FACILITY 
9 - 12 DOF SIMULATION OF NEAR-TERM ARCD CAPABILITIES CERTIFIED 
1 0  - NEAR-TERM ARCD CAPABILITIES DEMONSTRATED IN 12 DOF SIMULATION 
1 1  - FLAT-FLOOR FACILITY(S1 CERTIFIED FOR NEAR-TERM ARCD DOCKING DEMONSTRATIONS 
12 .. FLirT-FLGGOR DEMONSTRATION OF WEAR-TERM ARCD CAPABILITIES COMPLETED 
13 - NEAR-TERM SENSOR(S1 BRASSBOARD/BREADBOARD COMPLETED 
14 - NEAR-TERM SENSOR TEST ARTICLE INSTALLED IN FLAT-FLOOR FACILITY 
1 f - THERMAL/VACUUM QUALIFICATION OF NEAR-TERM SENSOR(S) 
16 - MECHANISMS ENGINEERING PROTOTYPE DELIVERED TO MATING TEST FACILITY 
17 - TBERMAL/VACUUM QUALIFICATION OF PROTOTYPE MECHANISM COMPLETED 
18 - ACCELERATED LIFE TESTING OF PROTOTYPE MECHANISM COMPLETED 
19 - CODE M USER DOCKING SENSOR FLIGHT DEMONSTRATION RESULTS ASSESSED 
2 0  - NEAR-TERM ARCD GROUND DEMONSTRATION COMPLETED 
21 - NEAR-TERM ARCD FLIGHT DEMONSTIUTION 
Table 2.7 - Five-Year Schedule, Milestones and Deliverables. 

2.7.3 Milastones, Accomplishmant8, & Dalivarablo8 

The milestones, planned accomplishments, and deliverables for the 
Five-Year plan are defined in table 2.7. 
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Each arena  has d i f f e r e n t  u s e s  f o r  t h e  automated rendezvous and docking 
c a p a b i l i t y .  It may not  be poss ib le  t o  combine a l l  t h e  requirements i n t o  
one package capable of s a t i s f y i n g  a l l  u s e r s .  Therefore,  t h e  Pa thf inder  
p r o j e c t  w i l l  develop a set of core technology t h a t  can then  be used by 
any of t h e  a renas  t o  f u r t h e r  develop t h e i r  desired c a p a b i l i t y .  T h i s  
l e v e l  of cooperation may be a l l  t h a t  i s  requi red  t o  s a t i s f y  the  arenas.  
However, i f  a core set of  requirements can be developed t h a t  are l a rge r  
i n  scope, there may be s u f f i c i e n t  synergism and economy of scale t o  make 
it worthwhile for  t h e  arenas t o  assist i n  funding t h e  technology devel- 
opment e f f o r t s  of t h e  Pathfinder AFGD. 

Our  goa l  is t o  i d e n t i f y  a core set of requirements t h a t  is  common t o  a l l  
a r enas  and w i l l  s a t i s f y  80% of t h e i r  t o t a l  c a p a b i l i t y  requirements.  If 
an arena wanted t o  have t h e - c a p a b i l i t y ,  they  would then  be expected t o  
assume r e s p o n s i b i l i t y  f o r  completion of t h e  technology development ef- 
f o r t  using the i r  own resources .  A t  t h e  same t i m e  each a rena  w i l l  be en- 
couraged t o  c o n t r i b u t e  some resources t o  t h e r p a t h f i n d e r  AR&D p r o j e c t  t o  
b r i n g  t h e  p r o j e c t  f u r t h e r  a l o n g  t o  f r u i t i o n  than  i f  P a t h f i n d e r  ,ARCD 
funding were t h e  sole source.  T h i s  synergism w i l l  a l low the  p r o j e c t  t o  
reach technology demonstration l e v e l  5 on schedule, pe rmi t t i ng  t h e  are- 
nas t o  t h e n  p ick  up a t  l e v e l  5 and continue t h e i r  own s p e c i a l i z e d  devel- 
opment a c t i v i t i e s .  

7 IENGINEERING MODEL 1 
6 r n  TECHNOLOGY 

READINESS J " PESTED IN SPACE 
3TOTY PE/ENGIN E ERl NG 

r 

ODEL TESTED IN ENVIRONM 
OMPON ENT/BRASSBOARD TESTED 

LS ELEVANT ENVIRONMENT LEVE' A - 

RlTlCAL FUNCTlON/CHARACTERISTI 
E MON STRATION 

3 CONCEPTUAL DESIGN TESTE 
OR EXPERIMENTALLY 

2 CONCEPTUAL DESIGN FORMULATED 

1 BASIC PRINCIPLES UNDERSTOOD 

Figure 2.8 - OAST Technology Readiness Level Definitions. 

2.8 .2  Arena8 

Mars Rover Sample Return (MRSR) M i s s i o n  (Code E and 2) 

T h e  requirements for  t h i s  arena are autonomous operation, h igh  reliabil-  
i t y ,  w i t h  l o w  weight and volume. Because t h e  s p a c e c r a f t  w i l l  be t r a v e l -  
i n g  t o  and ope ra t ing  a t  Mars f o r  a lengthy  p e r i o d  of t i m e  before con- 
duc t ing  rendezvous and docking, t h e  system must be highly  autonomous and 
reliable.  
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SECTION 3 

-_ Contracting Plans 

10/21/88 

3.1 O v e r v i e w  

Implementation of t h e  Pa thf inder  ARCD P r o j e c t  w i l l  i nc lude  ARCD 
Systems Engineering and In tegra t ion ,  GNCC and sensor  and mechanism 
products  from JSC. MSFC w i l l  con t r ibu te  t o  t h e  development, tes t -  
i n g  a n d  demonstration of docking and JPL w i l l  c o n t r i b u t e  t o  t h e  
development of advanced guidance and navigat ion s t r a t e g i e s .  

3.2 Industry 

Development of ARCD prototype components w i l l  be con t r ac t ed  t o  in-  
dus t ry .  Ea r ly  engineer ing models w i l l  be evaluated i n  NASA labora-  
t o r y  f a c i l i t i e s  and used t o  develop concepts f o r  long  range A R & D  
planning. 

3.3 Universities 

Oppor tuni t ies  t o  involve u n i v e r s i t i e s  o r  non-prof it o rgan iza t ions  
i n  AR&D technology development will be sought .  P o s s i b i l i t i e s  in- 
c lude  p a r t i c i p a t i o n  i n  t r a d e  s t u d i e s  of a l t e r n a t i v e  senso r  tech-  
nologies ,  assessment of ARCD a r t i f i c i a l  i n t e l l i g e n c e  app l i ca t ions ,  
s imu la t ion  enhancements and p a r t i c i p a t i o n  i n  workshops t o  select  
competing ARCD approaches. 
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SECTION 4 

-- 
FACILITIES PLANS 

4 . 1  O v e r v i e w  

F a c i l i t i e s  used i n  support  of Pathf inder  Autonomous Rendezvous and 
Docking (ARCD)  f a l l  i n t o  two c l a s s i f i c a t i o n s :  

1. Laborator ies  and Computing 
2 .  Demonstration and Test ing f a c i l i t i e s .  

A s  a g e n e r a l  goa l ,  the  Pa th f inde r  ARCD development p r o j e c t  w i l l  
not  r e q u i r e  t h e  cons t ruc t ion  of any new fac i l i t i es ,  either f o r  de- 
velopment or f o r  t e s t i n g .  Rather, maximum use w i l l  be made of ex- 
i s t i n g  and planned f a c i l i t i e s ,  computational resources ,  etc.  

While it i s  p o s s i b l e  t h a t  t h e r e  might be a l i m i t e d  requirement f o r  
a d d i t i o n a l  computing capac i ty ,  t he  need w i l l  no t  be on such  a 
scale a s  t o  j u s t i f y  investment i n  a ded ica t ed  " b r i c k  and mortar" 
f a c i l i t y .  Contractors  involved i n  ARCD support  w i l l  be expected t o  
supply t he  r e q u i s i t e  f l o o r  space and computer hardware resources .  
T h i s  i s  not  expected t o  present  any problem i n  t h a t  t he  t o t a l  re- 
quirements f o r  ARCD are small ,  and AR&D code can be hosted i n  ex- 
i s t i n g  government and con t r ac to r  owned machines. Computer f ac i l i -  
t i es  w i l l  support  t h e  design, development, and test and s imula t ion  
a c t i v i t i e s  f o r  ARCD.  Phys ica l  f a c i l i t i e s  w i l l  house tes t  f i x t u r e s  
and r e l a t e d  eva lua t ion  support equipment. 

ARCD test  beds and r e l a t e d  fac i l i t i es  w i l l  be e s s e n t i a l l y  modifi- 
c a t i o n s  or enhancements t o  e x i s t i n g  f ac i l i t i e s .  The m o s t  s i g n i f i -  
can t  resource  r equ i r ed  by ARhD a r e  t h e  f l a t - f l o o r  f a c i l i t i e s  tha t  
w i l l  suppor t  e v a l u a t i o n s  and demonstrat ions.  These a r e  e x i s t i n g  
f a c i l i t i e s  t h a t  w i l l  be used on a t i m e  s h a r i n g  b a s i s  with o t h e r  
t es t  sponsors.  

4 . 2  L a b o r a t o r i e s  and C o m p u t i n g  

A very mature base of 6 DOF and 12 DOF s imula t ions  capable  of sup- 
p o r t i n g  t h e  P a t h f i n d e r  AR&D project i s  a v a i l a b l e  w i t h i n  NASA. 
These s imula t ions  have been used t o  develop and tes t  t h e  pe r fo r -  
mance of rendezvous and docking for t he  Apollo, S h u t t l e ,  OMV and 
Space S t a t i o n  programs. 

Enhancements  t o  e x i s t i n g  software must  be d e f i n e d  t o  suppor t  
P a t h f i n d e r  AR&D WBS elements such a s  au tomat ic  proximi ty  opera- 
t i o n s ,  a r t i f i c i a l  i n t e l l i g e n c e  a s p e c t s ,  gene ra l  purpose guidance 
algori thms,  sensor  models, p lane tary  veh ic l e  models, and p l ane ta ry  
environment models. 
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The fol lowing are brief d e s c r i p t i o n s  and s p e c i f i c a t i o n s  f o r  sev- 
eral  demonstration and t e s t i n g  f ac i l i t i e s  t h a t  the' Pa thf inder  AR&D 
p r o j e c t  might seek access t o :  

JSC P r e c i s i o n  Air Bearing F a c i l i t y  (PRBF) 

T h i s  f a c i l i t y  has  been i n  service s i n c e  1976. I t  provides  t h e  ca- 
p a b i l i t y  for reduced f r i c t i o n  s imulat ions of zero  g r a v i t y  i n  sup- 
port  of development of hardware and o p e r a t i o n a l  procedures  f o r  
NASA s p a c e f l i g h t  programs. 

The a i r  bear ing  table i s  24 feet i n  l eng th  by 21 feet w i d e .  The 
twenty-one 6 inch  t h i c k  s teel  p l a t e s  t h a t  comprise t he  tab le  are 
p r e c i s i o n  ground t o  a to l e rance  of f0.0005 inches  over any arbi- 
t r a r y  2 foot  by 2 foo t  sect ion.  The e n t i r e  table  can be l eve led  
t o  wi th in  0.011 inch.  T h i s  degree of p rec i s ion  permits a u n i t  un- 
der test  t o  " f ly"  a t  a reduced he ight  above t h e  table  su r face  and 
under reduced p res su re ,  t h u s  minimizing t h e  s k a t i n g  effect  -com- 
monly encountered i n  s i m i l a r  f a c i l i t i e s .  The s teel  cons t ruc t ion  
of t he  bear ing  su r face  endows it with great d u r a b i l i t y .  T h e  s u r -  
face, as cast, has a Br inne l l  hardness of 180' t o  220°, o f f e r i n g  a 
high r e s i s t a n c e  t o  sc ra t ch ing  and gouging. 

Figure 4 . 1  - Precision Air Bearing Facility (PABF) flat-floor.  

The PABF has been employed i n  Manned Maneuvering Unit (MMU) test- 
ing,  evaluation, and f l i g h t  t r a i n i n g .  Its s e n s i t i v i t y  allows the 
eva lua t ion  of dynamic responses t o  d is turbances  induced by factors 
such as c r e w  l i m b  motion and umbi l ica l / te ther  dynamics. 
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Dynamic Overhead T a r g e t  S i m u l a t o r  (DOTS) 

Figure 4.2 - Dynamic Overhead Target Simulator 

A r t i s t ' s  concept of t he  dynamic t a r g e t  s imula to r  suspended above 
t h e  f l a t  f l o o r  i s  shown here .  T h i s  s ix-degree-of-freedom 
s imula to r s  being mounted on a computerized overhead c rane  which 
allows p r e c i s i o n  t r a n s l a t i o n  of f u l l - s c a l e  powered mockups or  tes t  
a r t ic les  throughout t h e  e n t i r e  volume above the  f l a t  f loor .  us ing  
t h e  DOTS and t h e  m o b i l i t y  u n i t  rendezvous and docking w i t h  an  
uns tab le  sa te l l i te  can be simulated. 
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JSC Space Environment S i m u l a t i o n  Chambers A and B 

I n  aggregate, MeSe t w o  f a c i l i t i e s  represent a NASA capi ta l  i n -  
vestment of approximately $73 million. Chamber A is a s ta in less  
s t e e l  vessel 19 .8  meters i n  diameter and 36.6 meters high. Its 
working volume enclosed within a 90' Kelvin heat s i n k  shroud i s  
approximately 17 by 27 meters. T e s t  specimen access is  through a 
12.2 meter diameter door. 
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Figure 4 . 4  - Thermal/Vacuum chamber 'A '  general arrangement. 

A modular sys t em of carbon-arc solar  simulators provides a solar  
f i e l d  tha t  i s  4 meters i n  diameter and 10 meters high. The inten- 
s i t y  of the so la r  f i e l d  i s  selectable fram 0 . 5  t o  1 . 0  so la r  con- 
s tan t ,  w i t h  a uniformity of f20 percent. The chamber f loor  can 
accommodate a load of 90,800 kg and may be rotated during tests t o  
provide direct ional  cycling w i t h  respect t o  the side mounted solar 
simulators. Time t o  pump down t o  thermal-vacuum t e s t  conditions 
is  7 hours. 
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Figure 4.6 - Thermal/Vacuum chamber 'B' and ancillary equipment. 

Figure 4.7 - Chamber B general arrangement. 
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V l t r a h i g h  Vacuum Space Simulation Chamber 0 

T h i s  f a c i l i t y  mfers t h e  c a p a b i l i t y  t o  provide a thermal  vacuum 
environment f o r  t e s t i n g  s m a l l  s pacec ra f t  or subsys tems t h a t  con- 
form t o  an envelope not exceeding 1 .8  by 4.3 m e t e r s .  T e s t  a r t i -  
cles weighing up t o  906 kg can be accommodated. Through the  u s e  
of a v a r i e t y  of pumping systems, i nc lud ing  a mechanical pump, a 
cryopumping sys t em,  LN2 o i l -d i f  fu s ion  pump, a ge t t e r - ion  system, 
and a t i t an ium subl imat ion pumping system, chamber vacuums on the 
o rde r  of t o r r  are ob ta inab le .  Normal pumpdown t i m e s  a r e  2 
hours t o  clO-5 t o r r  and 24 hours t o  u l t i m a t e  p re s su re .  

The chamber s h e l l  can be e l e c t r i c a l l y  heated t o  a temperature  of 
up t o  600° K, and a xenon shor t  a r c  s o l a r  s imula tor  is  a v a i l a b l e .  
I n t e n s i t y  of t he  s o l a r  simulator i s  s e l e c t a b l e  between 0 .46  t o  1 . 0  
s o l a r  cons t an t  t o  a t o l e rance  of +8 pe rcen t .  Custom a lbedo and 
p l a n e t a r y  r a d i a t i o n  s imula tors  are ava i l ab le ,  a s  a r e  f i x t u r e s  t o  
r o t a t e  and tilt test  a r t i c l e s  r e l a t i v e  t o  t h e  s o l a r  and thermal  
f l u x  f i e l d s .  

Figure 4 . 8  - Ultrahigh vacuum f a c i l i t y  cutaway view. 
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Figure 4 . 9  - Inertial  Components Laboratory. 

Xl ect romagnetic Cornpat ibility Tost Laboratory 

The Elec t romagnet ic  Compat ib i l i ty  (EMC) T e s t  Laboratory a t  JSC 
suppor t s  EMC e v a l u a t i o n  and c e r t i f i c a t i o n  for  f l i g h t  and ground 
support  equipment. T h i s  f a c i l i t y  c o n s i s t s  of two shielded enclo- 
s u r e s  t h a t  provide r a d i o  frequency (RE') i s o l a t i o n  from the  f a c i l -  
i t y  ambient environment. Typical s h i e l d i n g  e f f e c t i v e n e s s  f o r  the  
280 square foo t  enclosed a rea  i s  100 dB. 

Main equipment i t e m s  include an  automatic spectrum p l o t t i n g  sys t em 
c o n s i s t i n g  of a network of r e c e i v e r s  s e n s i t i v e  t o  a frequency 
range of 30 Hz t o  10  GHz, and a Hewle t t -Packa rd  HP-8568 automatic 
spectrum analyzer  system. Also a v a i l a b l e  i s  a set of s i g n a l  gen- 
e r a t o r s  and a comprehensive l i n e  of gene ra l  purpose a n c i l l a r y  test 
equipment. 

Electro-optical and Laser Laboratory 

T h i s  f a c i l i t y  a t  J S C  a l lows  complete a n a l y s i s  of t h e  behavior  of 
a c t i v e  and p a s s i v e  o p t i c a l  and laser systems. The heart of t h e  
l a b o r a t o r y  is  a c y l i n d r i c a l  vacuum tube 80 meters long and 4 me- 
ters i n  diameter. T h i s  tube, housed i n  a temperature  c o n t r o l l e d  
(f2' F) t unne l ,  can be evacuated t o  t o r r ,  and i t s  i n t e r i o r  
f i n i s h  i s  optimized for t he  suppression of unwanted r e f l e c t i o n s .  
I f  desired, gases  o t h e r  t han  a i r  can be in t roduced  i n t o  t h e  tube .  
T e s t  carts,  t h e  l o c a t i o n s  of which are adjustable,  are provided 
i n s i d e  t h e  t u b e .  
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pla t forms ,  a p o s i t i o n  re ference  sys tem,  two-DOF and six-DOF t a r g e t  
p o s i t i o n e r s ,  a computer-based t h e o d o l i t e  system, and a f iber  o p t i c  
network. -... - 

OPTICAL COMMUNICATIONS DDTCZ AREA s u p p o r t s  des ign ,  develop- 
ment, tes t ,  and eva lua t ion  of o p t i c a l  communication s y s t e m s .  Ca- 
p a b i l i t y  e x i s t s  i n  t h e  a r e a s  of f i b e r - o p t i c  communication, shor t -  
range f looded volume communication, and long-range point- to-point  
communication. 

Radar Boresigbt Range F a c i l i t y  

The free-space range a t  J S C  was expres s ly  designed fo r  development 
and t e s t i n g  of spacec ra f t  rendezvous r ada r  systems. The  f a c i l i t y  
i s  housed i n  a s t r u c t u r e  enclosing approximately 1 ,250  square feet 
of f l o o r  space and uses  an antenna range t r a n s m i t t i n g  tower lo- 
ca t ed  2,500 feet away. 

Figure 4.11 - Radar boresight facility antenna positioner. 

To m e e t  t h e  s t r i n g e n t  requi rements  on an tenna  p o s i t i o n i n g ,  a 
heavy-duty three a x i s  antenna p o s i t i o n e r  mounted on temperature-  
s t a b i l i z e d  columns is  employed. The c a p a b i l i t y  e x i s t s  t o  observe 
and  record  f i e l d  s t r e n g t h  v a r i a t i o n  across t h e  r ece iv ing  ape r tu re ,  
t h e  degree of p o l a r i z a t i o n  of t h e  t r a n s m i t t e d  s i g n a l ,  and t h e  ab- 
s o l u t e  ga in  of t h e  antennas under test .  Control  and record ing  in-  
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SECTION 5 

- In-Space Research and Technology 

Technology f o r  rendezvous and docking of p i l o t e d  space v e h i c l e s  i s  
very mature and inc ludes  h i s t o r i c a l  performance d a t a  from a c t u a l  
in-space miss ions .  T rans l a t ion  of p i l o t i n g  techniques  t o  accom- 
p l i s h  these c r i t i c a l  t a s k s  i n  an autonomous manner, however, i s  
not  s t r a i g h t  forward. F l i g h t  crews who performed these missions 
had e x t e n s i v e  t r a i n i n g  p r e p a r a t i o n  i n  complex man-in-the-loop 
r ea l - t ime  s imula to r s  with r e a l i s t i c  v i s u a l  p r e s e n t a t i o n s .  Extra- 
v e h i c u l a r - a c t i v i t y  provided -a rich c a p a b i l i t y  t o  address  anomalies 
and achieve  mission success .  Applicat ion and v e r i f i c a t i o n  of ex- 
p e r t  systems technologies  t o  implement autonomous AR&D opera t ions  
w i l l  r e q u i r e  c a r e f u l  planning and performance eva lua t ion .  

Pa th f inde r  t echno log ie s  must b u i l d  upon t h e  r i c h  h e r i t a g e  of p i -  
l o t e d  rendezvous and docking experience w h i l e  p rovid ing  on-board 
i n t e l l i g e n c e  and ins t rumenta t ion  t o  assess anomalies and select 
a l t e r n a t e  means t o  achieve  mission o b j e c t i v e s .  Requirements f o r  
redundancy needed t o  achieve  long-term p l a n e t a r y  mission objec-  
t i v e s  which inc lude  long per iods of dormancy of e l e c t r o n i c  and me- 
c h a n i c a l  s y s t e m s  must  be developed and, t o  t h e  e x t e n t  p o s s i b l e ,  
demonstrated i n  an in-space environment t h a t  i nc ludes  rea l i s t ic  
l i g h t i n g  and thermal e f f e c t s .  

As NASA t r a n s i t i o n s  t o  a mixed f l e e t  c a p a b i l i t y ,  there w i l l  be op- 
p o r t u n i t i e s  t o  d e f i n e  in-space research and  technology f l i g h t  
demonstrat ions us ing  t h e  NSTS, O W ,  Space S t a t i o n  and expendable 
v e h i c l e s  t o  b u i l d  s u f f i c i e n t  confidence t o  commit t h e  very c o s t l y  
v e h i c l e s  and systems tha t  w i l l  be r e q u i r e d  f o r  p l a n e t a r y  explo- 
r a t i o n  t o  a mission. 

The management s t r u c t u r e  adopted f o r  Pa thf inder  p r o j e c t s  w i l l  be a 
key  f a c t o r  i n  c a p i t a l i z i n g  on h i g h  leverage o p p o r t u n i t i e s  f o r  syn- 
ergism between d i v e r s e  NASA programs. 
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- .  -Technology Transfer Planning 
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*Matrixing of tasks 
and resources. 

APPENDIX B 

Jsc Lead 
Center 

PROGRAM ROfiES, RESPONSIBILITIES, AND ACCOUNTABILITY 

*Products 

A Lead C e n t e r  management organiza t ion  s t r u c t u r e  has been proposed 
t o  manage t h e  P a t h f i n d e r  Automated Rendezvous and Docking (ARCD) 
P r o j e c t .  T h i s  t y p e  of management s t r u c t u r e  i s  w e l l  s u i t e d  f o r  
d e f i n i n g  and c o n t r o l l i n g  these types  of research and technology 
p r o j e c t s .  Code RC has been designated the  overall  Program Manager 
f o r  t h e  P a t h f i n d e r  AR&D effort ,  w i t h  an i n t e r c e n t e r  working group 
r e spons ib l e  f o r  d e f i n i n g  and planning the  i n i t i a l  e f f o r t  and serv- 
i n g  as a s t e e r i n g  committee. J S C  has been designated as t h e  Lead 
C e n t e r  f o r  managing t h e  effort  and provid ing  t h e  t e c h n i c a l  coordi-  
n a t i o n  w i t h  NASA HQ and the  other p a r t i c i p a t i n g  c e n t e r s .  

F igure  B.l shows t h e  management s t r u c t u r e  t h a t  has been selected. 

-1 

MSFC JPL Industry 
Univ . 

Intercenter WG 
( Steering 

Committee) JSC, 
MSFC, JPL, 

*Appeal Process 
*Review of changes to 
baseline task/resource 

Figure B . l  - Management Structure for Pathfinder ARhD Project. 

NASA EQ ( C o b  RC) 

Code RC i s  t h e  l i a i s o n  between t h e  Lead Cen te r  and t h e  f i s c a l  
agents  wi th in  NASA Headquarters t o  coord ina te  the budget r equ i r e -  
ments of t h e  AR&D Project. They provide  overal l  management guid- 
ance and ensu re  t ha t  t h e  o b j e c t i v e s  of t h e  AR&D p r o j e c t  are com- 
p a t i b l e  w i t h  t h e  overa l l  needs  of Code RC and NASA. They a l so  
f u n c t i o n  as  l i a i s o n  between t h e  Lead Center  and other codes 3t 
NASA HQ. 
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PRO- 
- -  - 

NASA/BQ (Code RC) 

Code RC is  respons ib le  fo r  the  o v e r a l l  management of t h e  A R & D  Pro- 
gram. They a r e  respons ib le  f o r  guiding budget reques ts  through the  
necessary coordinat ion process, and fo r  t r a n s f e r r i n g  t h e  r e s u l t a n t  
r e source  a l l o c a t i o n  t o  each c e n t e r  f o r  subsequent a l loca t ion  t o  
t he  d i f f e r e n t  t a sks .  The ARhD Program Manager w i l l  chair  S tee r ing  
Committee meetings and act upon the i r  advisory recommendations as 
appropr i a t e .  - 

Johnson Space Center (JSC) 

J S C ,  as t h e  Lead C e n t e r ,  i s  responsible  for  t h e  project management 
of t h e  technology e f f o r t s  of J S C  and the  other p a r t i c i p a t i n g  ten- 
ters .  They w i l l  p rovide  t h e  t e c h n i c a l  coord ina t ion  between t h e  
p a r t i c i p a t i n g  c e n t e r s '  technology e f f o r t s  and recommend resource 
and t a sk  a l l o c a t i o n s  t o  Code RC. J S C  is respons ib le  fo r  making a l l  
r e p o r t s  t o  NASA HQ on t h e  progress  of t h e  technology effor ts ,  and 
w i l l  track schedules and progress  a g a i n s t  agreed upon mi les tones .  
They w i l l  manage the  scheduling of de l ive rab le s  and tasks so as t o  
ensure  q u a l i t y  products  i n  a t imely manner. J S C  s h a l l  have a rep- 
r e s e n t a t i v e  on the I n t e r c e n t e r  Working Group S tee r ing  Committee. 

Marshall Spaco ?light Center (MSFC) 

MSFC i s  r e spons ib l e  f o r  managing t h e  research t a s k s  a s s igned  t o  
them wi th in  t h e  budget and t i m e  c o n s t r a i n t s  s p e l l e d  o u t  i n  t h e  
AR&D Project Plan.  They w i l l  provide t h e  d e l i v e r a b l e s  called for  
i n  t h e  ARhD Project Plan.  MSFC s h a l l  have a r e p r e s e n t a t i v e  on the 
I n t e r c e n t e r  Working Group Steer ing Committee. 

Jot Propulsion Labor8tory (JPL) 

JPL  i s  r e s p o n s i b l e  f o r  managing t h e  research tasks  a s s igned  t o  
them w i t h i n  t h e  budget and t i m e  c o n s t r a i n t s  spelled o u t  i n  the 
ARCD Project Plan.  They w i l l  provide t h e  d e l i v e r a b l e s  called f o r  
i n  t h e  AR&D Project  P lan .  J P L  s h a l l  have a r e p r e s e n t a t i v e  on the 
I n t e r c e n t e r  Working Group Steer ing  Committee. 

&os Rlsorrch Coator (ARC) 

A s  an  i n t e r e s t e d  c e n t e r ,  ARC may propose re la ted technology ef-  
for t s  f o r  funding within t h e  ARhD Program i n  l a te r  years .  For ef- 
for t s  t h a t  are funded, ARC w i l l  become a p a r t i c i p a t i n g  c e n t e r  and 
w i l l  be r e spons ib l e  for managing t h e  research tasks  t h e y  are as- 
s igned  wi th in  t h e  budget and t i m e  c o n s t r a i n t s  of t h e  Project  Plan.  
ARC s h a l l  have a r ep resen ta t ive  on t h e  I n t e r c e n t e r  Working Group 
S t e e r i n g  Committee. 
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P r o j e c t  P lan .  De l ive rab le s  and requi red  r e p o r t s  w i l l  be submit ted 
t o  J S C  for coord ina t ion  w i t h  Code RC. 

I n  cases of disa-greement between t h e  Lead Center  and one o r  more 
p a r t i c i p a t i n g  c e n t e r ,  t h e  i s s u e  may be r epor t ed  t o  t h e  I n t e r c e n t e r  
Working Group S t e e r i n g  Committee. The I n t e r c e n t e r  Working Group 
S t e e r i n g  Committee w i l l  l i s t e n  t o  t h e  i s s u e s  involved and make a 
recommendation t o  the ARtD Program Manager. 
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